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gas stream by a train of dry sodium hydroxide but cannot be mal reactions which had occurred in such a sample were
distinguished from bromine bv this method because the latter fractionated with carriers about half the activity was found
as 1,2-GHdBrz, about a third as 1,1-C,H4Br2, about 10%
also reacts, although less efficiently.
Reaction of Bromine with Ethylene Bromide.-Table I as l,l,2-CsH8Braand a few per cent. as ethyl bromide.
Reaction of Ethylene Bromide with BreO (18 min.) Progives the results of experiments o n t h e rate a t which elemental radiobromine enters organic combination when dissolved duced by the Isomeric Transition.-When purified degassed
in liquid ethylene bromide in the dark. The apparent ac- ethylene bromide which had been synthesized from bromine
tivation energy obtained from the log k vs. l / T p l o t of the containing Bra (4.4 hr.) was allowed t o stand at room temdata is 31.7 kcal./mole. Fractionation of the organic prod- perature and then extracted with aqueous sulfitte-bromide
ucts with carriers indicated that 2 7 5 % of the organically solution, approximately 50% of the Brm (18 min.) daughter
bound radiobromine was in the form of 1,1,2-CzHaBr~. of the B F isomeric transition was always found in inorganic
Radiobromine dissolved in ethylene bromide entered organic form. At higher temperatures, up t o 220°, the results were
somewhat variable but did not show any definite trend away
combination a t room temperature when illuminated.
from 50% extractable. Since the system was maintained a t
TABLE
I
the reaction temperature for nearly four half lives of the
BraO(18 min.) just prior t o extraction, essentially all of the
REACTION
OF BROMINE
WITH ETHYLENE
BROMIDE
daughter activity measured a t the time of extraction had
INITIAL
BROMINECONCN.1 X 10-8 M./L. IN ALL CASES been formed a t the reaction temperature.
When molecular bromine containing Br80 (4.4 hr.) was
allowed t o stand in liquid 1,2-CzH4Brza t room temperature
the fraction of the isomeric transitions which resulted in
25
..
4.gd
4.2d
..
organic combination of the Bra (18 min.) was about 20%
and essentially all of this organically bound activity ap115 4 . 5
31.0
31.2
0.33
0.35
peared as 1,2-C~H4Brz. At liquid air temperatures the total
120
3.5
46.0
52.9
0.73
0.87
organic yield was somewhat higher but approximately two125 2 . 0
43.1
37.1
1.16
0.97
thirds of the organically bound Bra (18 min.) was in the
133
1.0
46.2
43.3
2.5
2.4
form of l,l,2-CzHsBr8and only one-third as CzHdBrZ. This
effect of change in phase and temperature is qualitatively
55.3
4.7
4.4
140
0.75
59.1
similar t o that reported for the radiative neutron capture
Assuming that the products are CzH8Brs and HBr and reaction on the propyl bromide^.^ I t shows an increase in
that the yoreacted is therefore equal t o twice the yo of the proportion of polybromination products not observed in the
radiobromine found in organic combination. * Assuming isomeric transition reaction in bromotrichloromethane.'
that d[Brl]/dt = -k[Br2]'h.
Columns (1) and (2) give
Acknowledgment.-This work was supported
the results of two separate series of experiments. dPresumably due t o photochemical reaction during preparation in part by the Atomic Energy Commission and in
of the reaction mixtures. This yo was deducted from the part by the Research Committee of the Graduate
total % observed at the higher temperatures in obtaining
School with funds made available by the Wisconthe figures recorded.
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Reaction of Hydrogen Bromide with Ethylene Bromide.Thirty determinations indicate that from 115 t o 180"radiobromine present as hydrogen bromide in liquid ethylene
bromide enters organic combination with a half-life in the
range from 20 hours t o 15 minutes. The results were too
erratic t o allow calculation of a temperature coefficient.
Fractionation experiments indicated that the reaction products were about 70% 1,2-CzH4Brzand 30% higher boiling
materials
When sealed 300-ml. Pyrex flasks containing 150 mm. of
hydrogen bromide (tagged with Bras) and 200 mm. of ethylene bromide (pressures measured a t room temp.) were
heated no reaction occurred in thirty minutes a t 225" but
significant organic combination of the activity took place a t
270" and above. Prolonged heating a t the higher temperatures gave an equilibrium distribution of the activitz.
After 105 min. a t 308", 150 min. a t 317", 90 min. a t 320 ,
120 min. a t 338' the activity found in the organic products
was 46.5, 45.3, 44.1 and 42.9%, respectively. A total of
73% organically bound activity would be expected in the
equilibrium mixtures if they contained the original pressures of hydrogen bromide and ethylene bromide. Fractionation experiments on the organic products of the 308 and
317" reactions indicated that about 61% of the activity was
in a form lower boiling than ethyl bromide (probably CzHaBr), 4% was l,l-CzH4Br2 and 35% was 1,2-CzH4Brz. I t is
probable that the bromine originally in hydrogen bromide
entered organic combination through the equilibrium C2HdBr2 C2HsBr HBr. Decomposition of ethylene bromide
at 340-370 has been reported previously.8
Reaction of Ethylene Bromide with Bromine which has
Undergone Radiative Neutron Capture.-When tubes of
purified, degassed ethylene bromide were bombarded with
neutrons from a 100 mg. Ra-Be source it was regularly observed that about 50% of the bromine which underwent
radiative neutron capture could be extracted by an aqueous
solution of sulfite ion and bromide ion.
When similar tubes were heated t o 119' and above following irradiation the inorganic bromine which had been produced by radiative neutron capture re-entered organic combination a t a measurable rate. For example, after 90 min.
a t 119" only 24% rather than 50% was extractable. When
the organic products from the combined hot atom and ther-
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(3) T.Iredale and A. Maccoll, Natura, 140, 24 (1937).

sin Alumini Research Foundation. The Br80
was obtained from the Argonne National Laboratory and the Bf12 from the Oak Ridge National
Laboratory.
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The Uranyl Nitrate-Water System Above 60'
BY W. L. MARSHALL,
JR., J. S. GILL AND C. H. SECOY

Although there are some data in the literature2-+
for the solubility of uranyl nitrate in water, the discrepancy of these data indicated the necessity for a
check on the measurements. We have measured
the solubility from the incongruent melting point of
the hexahydrate a t about 60' to the melting point
of the dihydrate a t 184". Our results show a lower
solubility than that given in most of the earlier data
and also indicate an incongruent melting point for
the trihydrate rather than the congruent point inferred in some of the previous work. The system is
thermally stable up to the revised melting point of
the dihydrate. Above this point decomposition of
the nitrate ion occurs.
(1) This document is based on work performed under Contract
Number W-7405 eng 26 for the Atomic Energy Commission at Oak
Ridge National Laboratory. Presented before the Division of Physical
and Inorganic Chemistry at the 118th Meeting of the American Chemical Society, Chicago, Illinois, September 3-8, 1950.
(2) Von Alfred Benrath, Z . anorg. allgem. Chcm., 24% 246 (1942).
(3) 0. Guempel, BuU. sa. rhim., Bdg., 88, 443 (1929).
(4) J. A. Lane, Plutonium Project Handbook, Revised Edition,
CL-697, Ch. 2, "Physical and Chemical Propertice," May, 1946.
(5) A. Wasilieff, J . Russ. Phys.-Chsm. Soc., 49, 570 (1910).
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transferred from the flask to tared weighing bottles,
previously placed in the beaker, without exposing the
sample t o the atmosphere. The neck of the flask was
attached by a standard taper joint to an adapter with
a tru-bore tube through which a stirrer operated. A
side arm from the adapter led first t o a trap containing standard ceric sulfate solution, then t o a second
trap containing ferrous sulfate solution and finally to
a rough vacuum pump. The solubility k k was ima constant temperature bath controllable
mersed
to *0.1
The temperature of the bath was measured with a Bureau of Standards calibrated mercury
thermometer or by a mercury thermometer which
was calibrated in this Laboratory against a Bureau
of Standards certified platinum resistance thermome-
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drate w$s prepared by dehydration of the hexahydrate at
115-120
Compositions near that of the trihydrate were
prepared by adding water with a micropipet to a sample of
the dihydrate. The mixture was then finely ground and a
sample taken for analysis simultaneously with the sealing
of the material in the capillary tube.

obtained in the b d e r e d medium but when the
reaction was run without a buffer characterizable
products were obtained, although in low yields.
Of the two possible mechanisms for the first stage
of this reaction, (1) is the more probable

Discussion.-The
solubility and solid phase
data given in Table I and shown graphically in
Fig. 2 are the results of five separate experimental
runs which overlap. Some of the values were
obtained going up the temperature scale and some
by proceeding from a higher to a lower temperature. No decomposition of uranyl nitrate was
detected below 184" either by visual observation or
by titration of the standard ceric sulfate solution
contained in the gas train. Above 184' the dihydrate decomposes giving oxides of nitrogen.
The melting point data for the dihydrate and the
trihydrate are given in Table 11. These values
check those obtained by extrapolation of the solubility curves.

HnOaAsCsHiNHs

.

TABLEI1
MELTING
POINTDETERMINATIONS
Weight %
' , UOz(Pu'O&
87.2 87.5 89.1 89.9 91.63
First observed melting,
t., "C.
113 113 113 112 184

Data available from the I i t e r a t ~ r e ~are
J , ~also
~~
shown in Fig. 2 and serve to indicate the amount of
deviation from our values. Wasilieff6gives 121.5'
as the trihydrate melting point compared to our
value of 113' (incongruent point). Benrath2 gives
157", and WasilieF 179.3", as the dihydrate melting point €or which we have determined the temperature to be 184".

+ (1)

H~O~ASC~HINHCH~CHOHCH~C~

C~CH~CHCH~--/-+
HzOaAsCeHdNHCHzCHCHz
'0'

since we were able to isolate N-(3-chloro-2-hydroxypropy1)-p-arsanilic acid from the reaction
mixture. This could then react with another
molecule of p-arsanilic acid to give the bis-compound which was found to be the principal product.
P-N- (4-Arsonophenyl)-amino-~'-hydroxydiethyl
ether, formed by the reaction of diglycolchlorhydrin
on p-arsanilic acid, proved to be so water-soluble
that the free acid could not be isolated in the
pure form so that it was necessary to isolate it as
the sodium salt. This was unexpected since
P-(P'-hydroxy)-ethoxyethoxyphenylarsonic acid: a
compound closely resembling our product in structure, was easily isolated as the free acid.
In the reaction of trimethylene dibromide with
p-arsanilic acid only the bis-compound, N ,N'di-(4-arsonophenyl)-l,3-diaminopropane,could be
isolated as was the case in the reaction of ethylene
dibromide with p-arsanilic acid.3

Experimental
Reaction of p-Arsanilic Acid with 1,3-Dichloropropanol-2.
-To a solution of 2 g. of p-arsanilic acid ( I ) , 3.7 g. of sodium hydroxide and 9.5 g. of sodium bicarbonate in 60 ml.
of water, 7 g. of 1,3-dichloropropanol-2 (11) was added and
the mixture boiled under reflux for six hours. Acidification
OAKRIDGENATIONAL
LABORATORY
t o congo red with concd. hydrochloric acid precipitated a
OAK RIDGE,TENN.
RECEIVED
OCTOBER
5, 1950 white solid, N,N'-di - (4 -arsonophenyl) - 1,3-diaminopropanol-2. This product was purified by dissolving in 10%
sodium hydroxide, reprecipitating with acid, washing with
water and drying over calcium chloride in vacuo. I t does
Some Substituted p-Arsanilic Acids1j2
not melt below 250"; yield of 6.8 g. (30%).
Anal.' Calcd. for C16Hz~0,NzAsz:As, 30.6. Found :
BY ROBERT
L. MCGEACHIN
AND ROBERT
E. Cox
As, 30.4.
The reactions of 4-hydroxyphenylarsonic acid
Sixty-seven grams of I was dissolved in 100 ml. of 2.3 '%1
and p-arsanilic acid with various aliphatic chlorides sodium hydroxide, 22 g. of disodium phosphate added and
and bromides have been studied by H a m i l t ~ n the
~ ~mixture
~ ~ ~heated
~ ~ to boiling. Fifteen ml. (20 9.) of I1
added, 1 ml. every ten minutes with each addition foland his co-workers. In this investigation, we have was
lowed after five minutes by the addition of 1 ml. of 4070
extended the study, carrying out the reactions of p- sodium hydroxide. Acidification of the cooled reaction
arsanilic acid with 1,3-dichloropropanol-2, epi- mixture to congo red with concd. hydrochloric acid prechlorohydrin, P-chloro-@'-hydroxydiethylether (di- cipitated the bis-compound which was purified as described
above; yield of 22 g. (2970).
glycolchlorohydrin) and trimethylene dibromide.
Calcd. for c16H&N2As2: As, 30.6. Found:
In the reaction of 9-arsanilic acid with 1,3- As,Anal.
30.3.
dichloropropanol-2 using sodium bicarbonate as a
The filtrate from above, when adjusted to a pH of 5 with
buffer, yields were comparable to those obtained in 10% sodium hydroxide, deposited white crystals on standsimilar reactions using unbuffered media (30%), ing in the ice-box. This product was washed with ice-cold
with the bis-compound, N,N'-di- (4-arsonopheny1)- water, dried a t 120' for several hours and then in wucuo
over calcium chloride. Qualitative t e s p showed it contained
1,3-diaminopropanol-2, the only compound that chlorine.
It does not melt below 250 ; yield of 3 g. (6%).
could be isolated. However, when disodium
Anal. Calcd. for CBHI80dNC1As: As, 24.2. Found:
phosphate was used as a buffer, both the bis- As, 24.0.
compound and N-(3-chloro-2-hydroxypropyl)-p- Reaction of I with Epich1orhydrin.-To 67.3 g. of I dissolved in 75 ml. of 4 N sodium hydroxide, 28.7 g. of epiarsanilic acid were found.
With epichlorhydrin, unsatisfactory results were chlorhydrin was added and the mixture boiled under reflux
for one hour. Acidification in the usual manner precipi(1) Taken in part from the M.S. thesis of Robert E. Cox.
tated the bis-compound which was purified in the manner
(2) This work was aided by a grant to the University of Louisville
described above; yield of 10 g. (14%).
from the Kentucky State Medical Research Commission.
Anal. Calcd. for C ~ ~ H ~ O O ~ N
As,
~ A30.6.
S ~ : Found:
(3) C. S. Hamilton, THISJOURNAL, 46, 2751 (1923).
As, 30.4.
(4)L. A. Sweet and C. S . Hamilton, ibid., 66, 2409 (1934).
(5) P.0.Bare end C. S. Hamilton, ibid.. 69, 2444 (1937).
(6) J Parker, Ph D. thesis, University of Nebraska, 1940.

(7) A modification of the method of F. E. Cislak and C. S. Hamilton,
THISJOURNAL, 69, 538 (19301,was used in the arsenic analyses.

